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Abstract 
 
This paper describes a new compound magnetic testing system using magnetic Barkhausen 
Noise (BN) and Metal Magnetic Memory (MMM) testing technique for stress measurement. BN 
has become an  important nondestructive technique due to its exceptional  material  and stress 
characterization  capabilities.  MMM  is  recently  developed  technique  with  special  ability  for 
defect  detection,  stress  detection  and  stress  history  record  capacity.  In  the  applied  tensile 
experiment, BN and MMM signal were acquired via BN measurement system and EMS-2003 
MMM  instrument.  Relationships  between  magnetic  signals  and  applied  tensile  stresses  were 
derived  from  experiment  results.  The  correlation  of  the  two  methods  was  investigated. 
Conclusions were derived based on the experiment results. Further research directions were also 
highlighted. 
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1. Introduction 
Ferromagnetic materials have been widely used in many industry fields such as machining, 
petroleum, railway traffic and aviation due to good elasticity and plasticity and many other good 
qualities,  such  as  unyielding  and  enduring,  etc.  But  breakdown  of  the  products  made  of 
ferromagnetic  materials  sometimes  may  occur  which  can  cause  serious  problems  and  may 
endanger  people’s  life.  Stress  concentration  is  the  main  reason  to  cause  fatigue  failure  and 
damage
[1]. However the early damage, especially the hidden that with no-continuance in it is 
very difficult to be taken effective evaluation.   
Among several non-destructive techniques used for material evaluation
[2-5], such as X-ray, 
blind hole drilling, eddy current, BN
[6,7] offers exceptional material and stress characterization 
capabilities, good reliability, and high  inspection speed, but the capacity  for the detection of geometrical discontinuities is relatively poor, while MMM
[8,9] offer good defect detection, stress 
detection and stress history record capacity. 
Table 1. Capabilities of selected NDT methods for stress inspection 
Inspection 
technique 
Spatial 
resolution 
Penetration 
Defect 
detection 
Stress 
detection 
Stress 
history 
Barkhausen 
Noise 
Fair  0.01-1mm  Poor  Good  No 
Metal Magnetic 
Memory 
Fair 
Senesitivity decreases 
with depth 
Good  Good  Good 
In  this  paper,  BN  and  MMM  testing  technique  were  adopted  for  applied  tensile  stress 
measurement.  Relationships  of  BN  and  MMM  signal  to  stress  were  drawn  from  the  tensile 
experiments. The correlation of the two methods was investigated. The paper finishes with the 
conclusions and an outline of further work. 
2. Background and theory 
In 1919, Barkhausen found that magnetization changes in a piece of iron induced a voltage in 
a pick-up coil which produced “noise” in an earphone, which was called “Barkhausen noise”. 
Incidentally, this experiment gave the first evidence of the presence of magnetic domains in a 
ferromagnetic material. BN is detected as a series of voltage pulses appearing on the extension of 
a coil placed near or involving a ferromagnetic sample subjected to a varying external field. 
Researches  for  years  have  shown  that  BN  results  from  the  reversible  and  irreversible 
displacement of 180°and non-180°domain walls, or by abrupt rotation of domain magnetization 
vectors at higher magnetic fields
[10]. BN then gradually developed into a new non-destructive 
testing technique,  namely Barkhausen Noise  method. In recent  years  it  has  been applied  for 
on-line inspection in manufacturing industries such as automotive, aerospace and metallurgical 
machinery. 
MMM  produced  by  researchers  in  Russia  in  the  late  1990s,  which  is  based  on  the 
magneto-mechanical effect, can estimate the early damage degree of  ferromagnetic  materials 
using MMM signals effect occurred under both of applied load and earth magnetic field existing. 
Not only stress concentration zones but also defects in the ferromagnetic materials can be found 
by MMM, so it has been used widely in the engineering field due to simple operation. The basic 
principle  of  MMM
[11]  can  be  expressed  as:  due  to  the  self  magnetization  of  ferromagnetic 
engineering  structures  by  ambient  fields,  Hp(x)  exhibits  a  peak  in  field  strength  and  Hp(y) 
changes its polarity around stress concentration zones or macroscopic defects, where Hp(x) is 
magnetic flux leakage component parallel to the material surface and Hp(y) is that perpendicular 
to the material surface. 
3. Experiment setup and typical BN signal BN  measurement  system  is  schematically  shown  in  Fig.1.  A  signal  generator  CALTEK 
CA1640-02  supplies  a  sinusoidal  wave  of  10Hz,  which  is  amplified  by  a  power  amplifier 
Newtons4th LPA05B that feeds a 400 turn excitation coil in order to produce magnetic saturation 
in the samples. BN signal from GMR sensor AAH002-02 was then acquired to PC via an Adlink 
2010  4-channel  data  acquisition  card.  MMM  signal  was  acquired  by  a  MMM  diagnostics 
instrument (EMS-2003). Data processing was performed in Matlab. 
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(a)                                                                                (b) 
Figure 1. BN measurement system (a) and tensile sample dimensions with size in mm (b) 
For all the experimental measurements, the used samples were made of low carbon steel. And 
figure 1b and table 1 gives dimensions and mechanical properties of the sample respectively. 
Table 1. Mechanical properties of low carbon steel sample 
ss/Mpa  sb/Mpa  E/Gpa  m 
275.6  421.8  216  0.28 
A material testing machine CSS-44100 was used to apply tensile force from 0kN to 30kN 
with a loading velocity of 4mm/min. 
Figure 2a shows a typical filtered BN signal from GMR sensor in time domain and figure 2b 
gives BN signal in frequency domain. It can be seen from the plot that the greatest amplitude of 
BN signal comes from the excitation signal is exhibiting its greatest rate of change, and it has a 
wide bandwidth, about 1 kHz - 500 kHz. 
   
(a)                                                                                        (b) Figure 2. Excitation signal and signal from GMR sensor filtered to leave Barkhausen noise (a) and FFT of 
Barkhausen noise (b) 
As the signal is quite complicated, RMS value of processing signal was adopted for analysis, 
which is given by:   
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4. Active stress measurement 
4.1 BN for active stress measurement 
Figure 3 shows after an increase the BN signal decreases with the increase of the applied 
stress. In the elastic stage, BN signal increases abruptly, and at the beginning of plastic stage BN 
drops quickly then slowly. BN signal is quite sensitive to stress during the elastic stage, and has a 
good linear relationship with stress in the plastic stage. 
 
Figure 3. RMS Barkhausen noise amplitude for applied stress 
In the elastic deformation region, due to the theory of magneto-elastic energy
[12], with the 
applied  tensile  stress,  more  domain  walls  shall  emerge  in  the  stress  direction.  Since  BN  is 
associated with the pinning of these domain walls as they move during magnetization, the BN 
signal increases in the direction of tensile stress, which is illustrated in Figure 3. 
Once  the  plastic  region  is  reached,  however,  the  macroscopic  elastic  strain  remains 
approximately  constant,  with  plastic  deformation  occurring  through  slip  processes.  These 
processes lead to a number of changes that potentially can alter magnetic behavior
[12]:   
1. An increase in the number of microscopic pinning sites in the form of dislocation tangles 
and cell boundaries, which act as obstacles to domain wall movement. 
2.  Development  of  a  crystallographic  texture,  which  may  alter  the  magnetic  easy  axis, 
direction, and finally. 
With the increase of stress, the influence of substructure obstacles the pinning sites to domain wall motion, and the development of a crystallographic texture cause the decrease of domains. 
With reasons above, BN emission decreases in addition to the change of applied tensile stress. 
4.2 Active stress measurement using MMM 
In the experiment, the Hp(y) value and Hp(y) gradient dHp(y)/dx of the middle point of the 
sample were measured via MMM testing instrument EMS-2003. Figure 4a gives Hp(y) value for 
applied tensile stress. From the plot, it is very clear that, Hp(y) value is around zero with the 
applied tensile stress. From the theory of MMM, it is thought that the middle point of the tensile 
sample is around the stress concentration zone. However, no further variation rule is observed 
from the Hp(y) – Stress curve. 
 
(a)                                                                                    (b) 
Figure 4. Hp(y) for applied tensile stress (a) and dHp(y)/dx for applied tensile stress (b) 
From figure 4b, dHp(y)/dx value has a good linear relationship with applied tensile stress. 
However, dHp(y)/dx value exhibits arbitrary change with the applied stress.   
Same as the mechanism that has been discussed above about BN signal, in the elastic stage, 
under  the  applied  load  and  earth  magnetic  field  existing,  the  rotation  of  magnetic  domains 
dominates  the  increase  of  Hp(y)  absolute  value  of  the  points  around  the  middle  point, thus 
dHp(y)/dx  increases.  When  the  plastic  stage  is  reached,  due  to  lattice  dislocations  and 
micro-defects  and  eventually  macro-defects,  causes  zero  drift  of  Hp(y)  value  thus  arbitrary 
change of dHp(y)/dx value
[13]. 
Conclusions 
From the experiments results above, we know that BN and MMM share the same mechanism, 
one difference lies between them is that BN relies on the time-varying magnetic field generated 
by excitation coil, while MMM relies on the earth magnetic field. I.e., BN is due to external 
magnetization and MMM is due to “self magnetization”. And due to the good linear relationship 
with applied tensile stress at different stages, the combination of the two techniques offers the 
potential  for  complementary  data  acquisition  in  the  measurement  system.  Also,  due to  good 
defect detection ability of MMM, the characterization of stresses and defects could be achieved via data fusion of the two techniques. 
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